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INTERFACE DEVICE, CIRCUI'T MODULLE,
CIRCUIT SYSTEM, DEVICE FOR DATA
COMMUNICATIONS AND METHOD FOR
CALCULATING A CIRCUIT MODULE

This application claims priority from German Patent

Application No. 10 2007 010 284.6, which was filed on Mar.
2,2007, and 1s incorporated herein by reference 1n 1ts entirety.

TECHNICAL FIELD

The present invention relates to interfaces for data commu-
nications and, 1n particular, to calibrating interfaces.

BACKGROUND

The requirements to the data transmission speed of systems
are 1ncreasing continuously. In digital systems, the timing of,
for example, reading and writing operations between the indi-
vidual components of a data transmission system and the bus
systems connecting these among one another or, generally,
transmission paths 1s increasing in importance for taking over
and/or passing on the data correctly. This mutual tuning of the
components and/or the interfaces for data transmission 1s also
referred to as calibrating.

In conventional memory systems, for example, a memory
controller typically communicates with a plurality of memory
components, like for example, DRAM (dynamic random
access memory) components. The memory controller and the
memory components here are connected to one another via a
common bus system such that the memory controller com-
municates directly with each memory component.

In conventional memory systems, the memory controller
calibrates the interface to the individual memory compo-
nents. The data transier requirements of the mterface, how-
ever, only allow a certain number of data lines. This restricts
the number of memory components which can be linked to
the data bus. Using a buiter chip between the memory con-
troller on the one hand and a plurality of memory components
on the other hand may increase the data transmission rate
between the memory controller and individual memory com-
ponents. However, the result 1s that the memory controller
will only calibrate the interface between the memory control-
ler and the bufler chip, whereas the interfaces between the
builer chip and the individual memory components remain
uncalibrated since the butter chip acts 1n a manner transparent
for the memory controller and thus no time slot 1s provided 1n
the standardized protocol and/or the iterface in which the
butter chip may calibrate the interfaces to the memory com-
ponents.

However, calibration of, if possible, all interfaces 1s desir-
able to achieve correct data transmission at high a data trans-
mission rate.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will be detailed
subsequently referring to the appended drawings.

FI1G. 1 shows a block circuit diagram of an embodiment of
an interface device comprising an interface calibrating unit;

FIG. 2 shows a block circuit diagram of another embodi-
ment of an iterface device comprising an interface calibrat-
ing unit, a calibrating parameter memory and a status flag
memory;

FIG. 3 shows a block circuit diagram of another embodi-
ment of an interface device comprising an interface controller
and an interface calibrating unait;
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FIG. 4 shows a tlow chart of an embodiment for calibrating,
an interface device;

FIG. 5 shows a block circuit diagram of a conventional
memory system comprising a memory controller and a plu-
rality of memory modules;

FIG. 6 shows a block circuit diagram of an embodiment of
a memory module and/or memory system comprising an
interface device; and

FIG. 7 shows a perspective representation of an embodi-
ment of a memory system where a memory module 1s 1imple-
mented on a memory module board and this memory module
1s applied onto a motherboard.

L1l

DETAILED DESCRIPTION OF ILLUSTRATITV.
EMBODIMENTS

In embodiments of the present application, same reference
numerals will be used for objects and functional units com-
prising same or similar functional characteristics. In this con-
text, 1t 1s pointed out that, on the one hand, unless explicitly
indicated otherwise, portions referring to objects having simi-
lar or same functional characteristics are exchangeable
between the descriptions of different embodiments. On the
other hand, it 1s pointed out that when using a common
reference numeral for an object present in more than one
embodiment, this does not imply that these comprise identical
features and characteristics 1n the different embodiments or
the respective embodiment. Common or similar reference
numerals thus make no statement as to the specific design and
dimensioning.

An embodiment of the present invention provides an inter-
face device allowing data communication between a control-
ler and plurality of circuit units, comprising: a first interface
for a connection to the controller; a second interface for a
connection to the first control unit; a third interface for a
connection to a second control unit; an interface calibrating
unit coupled to the second and third interfaces; and a non-
volatile calibrating parameter memory which is arranged in
the interface calibrating unit or coupled to the calibrating unit
and adapted to store calibrating parameters for the second and
third interfaces.

Another embodiment of the present invention provides a
circuit module for data communication with a controller, the
circuit module comprising: a first and second circuit units;
and an 1nterface device comprising a first interface for a
connection to the controller; a second interface connected to
the first circuit unit; a third interface connected to the second
circuit unit; and an 1nterface calibrating unit coupled to the
second and third interfaces; and a non-volatile calibrating
parameter memory coupled to the interface calibrating unit
and adapted to store calibrating parameters for the second and
third interfaces.

Another embodiment of the present invention provides a
circuit system comprising: a circuit controller; and a circuit
module comprising a first and second circuit units; and an
interface device comprising a first interface for a connection
to the circuit controller; a second interface connected to the
first circuit unit; a third interface connected to the second
circuit unit; and an interface calibrating unit coupled to the
second and third interfaces; and a non-volatile calibrating
parameter memory which 1s coupled to the iterface calibrat-
ing unit and adapted to store calibrating parameters for the
second and third interfaces.

An additional embodiment provides a device for data com-
munication between a device for controlling and a plurality of
means for data handling, comprising: first means for commu-
nicating data with the device for controlling; second means
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for communicating data with first means for data handling;
third means for communicating data with second means for
data handling; and means for performing a calibrating algo-
rithm generating calibrating parameters for the second and
third interfaces; and means for storing the calibrating param-
cters 1 a non-volatile manner, the means for performing a
calibrating algorithm being implemented to store the calibrat-
ing parameters generated by the calibrating algorithm 1n the
means for storing.

In addition, an embodiment of the present invention pro-
vides a method for calibrating a circuit module for data com-
munication with a circuit controller, comprising: providing,
the circuit module comprising a first and second circuit units
and an interface device, the mterface device comprising a first
interface for a connection to the controller, a second interface
connected to the first circuit unit, and a third interface con-
nected to the second circuit unit; and performing a calibrating
algorithm to generate calibrating parameters for the second
and third interfaces; and storing the calibrating parameters
generated 1n a non-volatile manner.

In embodiments of the present invention, the second and
third interfaces for a connection between the mterface device
and the first and second circuit units, respectively, may be
calibrated without having to adjust or alter the first interface.

Embodiments of the present invention can be employed
with conventional controllers and/or circuit units and/or stan-
dardized interfaces for communication between a controller
and a plurality of circuit units.

Embodiments of a circuit module can be calibrated sepa-
rate from the target system, 1.e., the circuit system including
the controller, 1.e., embodiments of the circuit module can be
pre-calibrated.

FIG. 1 shows an embodiment of an interface device 100

comprising a {irst interface 110 for a connection to a control-
ler, a second interface 120 for a connection to a first circuit
unit, a third interface 130 for a connection to a second circuit
unit, and an interface calibrating unit 140 coupled to the
second and third interfaces, as 1s indicated by broken lines.
The interface calibrating unit 140 1s implemented to perform
a calibrating algorithm generating calibrating parameters for
the second and third interfaces.

Thus, the interface calibrating unit 140 may be imple-
mented to determine each interface, 1.e., the second interface
120 and the third interface 130, separately by performing a
first calibrating algorithm for generating the calibrating
parameters ol the second interface 120 and performing a
second calibrating algorithm for generating the calibrating
parameters of the third interface 130 or performing the same
calibrating algorithm twice, but separately for both inter-
faces, performing the respective calibrating algorithms one
alter the other or simultaneously and/or 1n parallel but offset
in time.

Apart from the second and third interfaces, embodiments
may additionally comprise further interfaces, like ifor
example interfaces to other circuit units.

We generally speak of an interface when two apparatuses
or units are connected to each other for signal transmission.
An 1nterface and/or connection 1s typically defined by its
physical characteristics and the corresponding interface pro-
tocol for the data and control signal transmission between the
two units.

An nterface may be standardized. Standardization and/or
standardized interface in this document means that the inter-
face 1s realized according to a standard of, for example, a
standardization organization, that the interface is realized
according to a specification arranged between manufacturers

and/or that the interface 1s a custom-made interface for a
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product or a product family which 1s not to be altered. The
target of standardizing interfaces 1s that different units and, in
particular, units of different manufacturers are able to com-
municate via a common uniform interface.

The calibrating algorithm exemplarily contains generating
a defined sequence of signals and measuring, for example,
runtimes to determine the calibrating parameters.

The functions of the individual elements and/or the coop-
eration thereotf will be discussed 1n greater detail below refer-
ring to FIG. 4.

FIG. 2 shows a block circuit diagram of another embodi-
ment of the interface device which 1n addition to the embodi-
ment according to FIG. 1 comprises a calibrating parameter
memory 150, a status flag memory 160, a current supply
interface 170 and an optional enabling interface 180. The
calibrating parameter memory 150 1s coupled to the interface
calibrating unit 140 via the calibrating parameter memory
interface 152, the status tlag memory 160 1s coupled to the
interface calibrating unit 140 via the status tlag memory inter-
face 162.

Alternatively, the calibrating parameter memory interface
152 and/or the status flag memory 160 may be integrated 1n
the interface calibrating unit 140.

In further alternative embodiments, the interface device
100 does not comprise a calibrating parameter memory 1350,
but a fourth interface and/or calibrating parameter memory
interface 152' so that the calibrating parameters can be stored
externally.

The interface calibrating unit 140 1s supplied with current
via the current supply interface and/or the current supply
input 170 of the interface device (see broken line). In addition,
the interface calibrating unit 140 1s coupled to an enabling
interface 180 of the mterface device (see broken line).

FIG. 3 shows a block circuit diagram of another embodi-
ment which compared to the embodiment according to FIG. 2
comprises and/or exhibits an 1nterface control umt 190, the
interface control umt 190 being implemented to connect the
first interface 110 to the second and third interfaces 120 an
130 for data communications between the controller which 1s
coupled to the interface device 100 via the interface 110 and
the two circuit units which are coupled to the interface device
via the second and third mterfaces 120 and 130, respectively,
to allow data transmission between the controller and circuit
components (see continuous lines between the interfaces 110,
120 and 130 and the interface control umt 190). Data com-
munication generally includes transmitting useful data and
transmitting control signals for the data communications.
Performing the calibrating algorithm by means of the inter-
face calibrating unit 140 serves for calibrating the second and
third interfaces 120, 130 for data communications between
the controller and the circuit unaits.

In the embodiment shown 1n FIG. 3, the interface calibrat-
ing umt 140, relative to the second and third interfaces 120,
130, 1s connected 1n parallel to the interface control unit 190,
as 1s 1llustrated by the broken lines 142 and 143.

The interface control unit 190 1s additionally coupled to the
calibrating parameter memory 150 via the mterface 154.

The mterface control unit 1s coupled to the calibrating
parameter memory 150 via a second calibrating parameter
memory interface 154.

In another embodiment, the calibrating parameter memory
150 and the status tlag memory 160 are integrated 1n a physi-
cal storage which 1n turn may be integrated 1n the interface
calibrating unit 140 and/or the interface control unit 190.

In an alternative embodiment, the interface calibrating unit
140 and the interface control unit 190 are integrated 1n a
single unit which 1s implemented to exemplarily execute the
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calibration and/or calibrating algorithm 1n a calibrating mode
and to perform controlling the communication via the {first,
second or third interface 110, 120, 130 1n a data communica-
tion mode.

The interface control unit 190, the calibrating unit 140
and/or a corresponding umt integrating both functions 140,
190 may exemplarily be a process unit controlled by a pro-
gram which executes the functions of the interface calibrating
unit according to a calibrating program and executes the
functionalities of the interface control unit 190 according to
an interface control program.

Thus, 1n further embodiments, the interface 110 1s a stan-
dardized interface for direct data communication between the
controller and the circuit units and the interface device 100 1s
transparent for the controller, 1.¢., the controller, on the inter-
face protocol level and/or logical level, 1s not aware of the fact
that the interface device 100 1s physically connected between
the controller and the circuit units.

FIG. 4 shows a flow chart of an embodiment of performing,
calibration of the second and third interfaces according to
FIGS. 1 to 3.

In step 410, checking whether an enabling event has
occurred 1s performed. An enabling event may exemplarily be
enabling and/or switching on the interface device. In particu-
lar, this may be first enabling the interface device after manu-
facturing thereof, exemplarily 1n a production test environ-
ment or generally test environment. In these cases, we also
speak of self-initiated enabling. In another example, the
enabling event may also take place by an external enabling
signal which 1s exemplarily received via the enabling inter-
face 180 as illustrated in FIGS. 2 and 3.

When no enabling event has occurred, see arrow 414, the
method 1s interrupted here and the calibrating algorithm wall
not be performed.

When an enabling event has occurred, see arrow 412,
checking whether the status tlag 1s set 1s performed in step 420
in the embodiment illustrated 1n FIG. 4. ITthe status tlag 1s set,
see arrow 424, the method 1s interrupted and no calibrating
algorithm will be performed. A set status flag in this case
means that no calibration 1s to be performed, for example,
because calibration has already been performed and corre-
sponding calibrating parameters are already there and/or have
already been stored.

If the status flag 1s not set, see arrow 422, the calibrating
algorithm will be performed next, see step 430. Using the
calibrating algorithm, the calibrating parameters necessary
tor the second and third interfaces are generated.

In step 440, the calibrating parameters for the second and
third interfaces are stored.

In step 450, the status tlag 1s set to indicate that the cali-
brating parameters have been generated and stored.

Step 430 of performing the calibrating algorithm and gen-
erating the calibrating parameters (step 430) for the second
and third interfaces 1s essential, whereas the steps “checking
whether an enabling event has occurred™ (step 410) and/or the
step “checking whether the status flag i1s set” (step 420) are
optional.

In alternative embodiments, the steps may also be per-
formed 1n a different order and/or simultaneously. Thus, step
420 may exemplarily be performed before step 430 or simul-

taneously, and step 430 and step 440 may be performed
simultaneously, for example, by storing individual calibrat-
ing parameters even before the calibrating algorithm 1s com-
pleted.
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In one embodiment, the status flag can only be set once and
will then remain set, 1.¢., the status flag 1s stored by means of,
for example, read-only memories (ROMs), flash memories or
fuse-based memories (fuses).

In another embodiment, the calibrating parameters can
only be stored once, 1.¢., the calibrating parameters are stored
by means of, for example, read-only memories (ROMs), flash
memories or fuse-based memories (Tuses). In certain embodi-
ments, the calibrating parameters can additionally no longer
be altered.

The calibrating parameters and/or the status tlag may thus
be generated and stored once, exemplarily after manufactur-
ing the circuit module which comprises the interface calibrat-
ing unit and the two or more circuit units, and exemplarily be
kept without losing calibrating parameters and/or status flag
information. In other words, the circuit module remains pre-
calibrated.

Setting the status flag may mean that the status flag takes
the logic value of “17, and resetting that the status tlag takes
the logical value of “0”. The statuses “set” and “not set”,
however, may also be associated to any other different values.

Subsequently, embodiments having been described refer-
ring to FIGS. 1 to 3 will be discussed in greater detail in
connection with the embodiments of the method described
referring to FIG. 4 and/or the functionalities thereof.

Consequently, FIG. 1 shows an embodiment 1n which the
interface calibrating unit 140 1s implemented to perform the
calibrating algorithm and generate the calibrating parameters
(see step 430).

FIG. 2, in connection with FIG. 4, describes an embodi-
ment 1n which exemplarly the interface calibrating unit 140
1s 1mplemented to check whether an enabling event has
occurred. This enabling event may, as explained before, be
applying a supply voltage via the current supply input 170,
wherein 1n this case applying the current supply may also be
seen as a type of enabling signal or be receiving an enabling
signal via the enabling interface 180.

The imterface calibrating unit 140 in FIG. 2 1s further
implemented to exemplarily check via the status flag interface
162 whether the status flag stored 1n the status flag memory
160 1s set or not. If the status flag 1s not set, the interface
calibrating unit 140 will be implemented to perform the cali-
brating algorithm to generate the calibrating parameters for
the second and third interfaces 120, 130. Additionally, the
interface calibrating umt 140 1s implemented to store the
calibrating parameters generated for the second and third
interfaces 1n the calibrating parameter memory 150, for
example, via the calibrating parameter memory interface 152.

As 1s 1llustrated 1n FIG. 3, the calibrating parameters gen-
erated which are stored in the calibrating parameter memory
150 may then be made available to the interface control unit
190 via the second calibrating parameter memory interface
154 to calibrate and/or adjust correspondingly the data trans-
mission via the first, second and/or third interfaces 110, 120,
130. In further embodiments, adjusting for data transmission
may also take place by the calibrating unat.

Subsequently, an embodiment from the field of memory
technology will be discussed 1n greater detail, without limait-
ing the mvention or embodiments of the mvention to this
application.

FIG. 5 shows a block circuit diagram of a conventional
memory system 500 comprising DRAM memory compo-
nents, which 1s connected, via a standard intertface 510 to a
memory controller 512 and to a plurality of DRAM memory
components 502. In systems of this kind, the memory con-
troller calibrates the interface to the DRAM components of an
“unbutlered” and “registered” DIMM (dual inline memory
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module) for every DRAM component. “Unbulfered” here
means that the memory controller and the memory compo-
nents are connected directly, 1.e. no bufier chip 1s connected
between. “Registered” means that the command bus and
address bus (CA bus—command and address bus) are buil-
ered on the “registered DIMM?”, however the data lines are
still connected directly to the controller. Since the signals at
the CA bus are re-synchronized (by the register element on
the DIMM), this element can, on a very abstract level, be
considered as a simple register, thus the respective designa-
tion.

The speed and/or data transmission rate requirements of
this kind of interface, however, only allow a certain maximum
utilization of the data lines so that the number of components
which may be linked to the data bus 1s limited. The memory
interface 510 where the memory controller has a defined
clectrical interface and a corresponding protocol relative to
the memory components 1s trained and calibrated during sys-
tem startup.

FIG. 6 shows a block circuit diagram comprising embodi-
ments of different designs where a buller chip and/or the
interface device 600 may be formed, for example, 1n accor-
dance with the embodiments described with regard to FIGS.
1 to 3, and where interfaces 620, 630 connect the interface
device 600 to the memory components 622, 632. The inter-
faces 620, 630 may be proprietary, however, may also be
standard interfaces, like for example DRAM interfaces stan-
dardized according to JEDEC.

FIG. 6 thus shows an embodiment of an interface device
600 as a buffer chip 600, an embodiment of a circuit module
650 as a memory module 650 and an embodiment of a circuit
system 660 as a memory system 660.

The memory system 660 according to FIG. 6 here includes
a memory controller 512 as a controller 312 which is con-
nected to the butler chip 600 via a standard interface 310 and
connected to one or several memory modules 650 via this
chip.

FIG. 7 shows a perspective representation of an embodi-
ment of a memory system which corresponds to that “func-
tionally” 1llustrated 1n FIG. 6. The memory module 650 com-
prises a memory module board 652 on which the functional
components of the memory module, the intertace device 600
and the memory components 622, 632 are arranged. The
memory controller 510 1n FIG. 7 1s arranged on a mother-
board 662. The memory module may, as described before,
exemplarily be a DIMM which 1s then exemplarily plugged
onto the motherboard, whereas the memory components of
the memory module are individual memory chips 622, 632
and the interface device 1s a buifer chip 600.

In alternative embodiments, functional components of the
memory module and the memory controller may be mounted
on one and the same board.

A memory module 650 according to FIG. 6 or 7 comprises
an 1nterface device 600 which may exemplarily be imple-
mented in accordance with the embodiments 1n FIGS. 1to 3
and comprises a plurality of memory components and/or
memory chips of which two are exemplarily characterized by
the reference numerals 622 and 632. The interface device 600
1s connected to the memory modules 622 and 632 via inter-
faces 620 and 630, respectively. Thus, the interface 620 cor-
responds to the second interface 120, the memory compo-
nents 622 corresponds to the first circuit umt, the interface
630 corresponds to the third interface 130 and the memory
component 632 corresponds to the second circuit unit. The
interfaces 620, 630 may be proprietary, however may also be
standard interfaces, like, for example, DRAM interfaces stan-

dardized according to JEDEC.
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As discussed before, interconnecting a butter chip which
only generates a small load on the interface side 510 to the
memory controller and connecting several memory compo-
nents to the buifer chip on the other side 622, 632 (butiering)
can reduce the utilization problem significantly. This 1s also
referred to as “butlering”.

However, training and calibrating by the memory control-
ler will only work up to the interface device and/or the butfer
chip, since the interface device 1s logically transparent for the
memory controller, but electrically connected between the
memory controller and the memory components.

Thus, calibrating will only be performed for the interface
between the memory controller and the interface device. The
other interface between the interface device and the memory
components remains uncalibrated. The standards and/or stan-
dardized protocols of the standard interface 510 do not allow
the interface device 600 to perform a special calibration, since
calibrating destroys the contents of the memory, since a typi-
cal calibrating algorithm performs a certain sequence of read-
ing and writing accesses which otherwise do not differ from
normal reading and writing accesses.

In a typical memory circuit, the memory controller regu-
lates selecting and/or addressing the memory chips and the
memory regions which are to be accessed by reading and
writing operations, and performing the reading and writing
operations. Additionally, the memory controller, in DRAM
memory chips, also controls refresh of the memory cells.
Conventional standard interfaces 510 have been optimized to
optimizing the data transmission rate but at the same time also
ensuring refreshing the data cell contents in time. The result
here 1s that the memory controller communicates perma-
nently with one or several memory chips so that no time
interval remains for an iterconnected transparent interface
device where the interface device could calibrate 1ts inter-
faces to the memory chips without altering the standard inter-
face.

Since component variations and variations and/or mis-
matches of the data path between the interface device and the
memory components atfect the interface rate achievable, 1t 1s
desirable to allow calibrating the interfaces between the
buifer chip 600 and the memory components 620, 630 to
achieve the desired data transmission rates.

The subsystem and/or memory module 650 (exemplarily a
DRAM) may exemplarily be calibrated during the production
test, the calibration data and/or calibrating parameters being
stored 1n a non-volatile memory. The non-volatile memory
may either be an external memory component which 1s
coupled to the interface device via the interface 152' (like, for
example, a flash memory), or be integrated 1n the buffer chip
and/or the interface device 600, as has been described using
FIGS. 1 to 3 with regard to the calibrating parameter memory
150. For the imtegrated memory solution, embedded flash
memories or fuse-based memories (fuses) may exemplarily
be used.

When the entire subsystem and/or the entire memory mod-
ule 650 1s supplied with a current 1n the test environment for
the first time, the buffer chip and/or interface device may be
implemented to start a calibrating algorithm itself to train the
interface to the memory components linked thereto. The
beginning of the calibration may either be triggered and/or
initiated by the butler chips itself or by an external apparatus,
like, for example, test devices. In self-initiated calibration, the
interface device may exemplarily be implemented to read a
status tlag when switching on which indicates that no calibra-
tion has been performed 1n the past and/or whether calibration
has been performed. In external initialization, executing the
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calibrating algorithm may be imitiated by the external test
device by exemplarily writing to a register of the interface
device.

After having performed the calibrating algorithm success-
tully, the interface device writes the results, like, for example,
the internal time parameters (time delay) to the non-volatile
memory mentioned before and sets the status flag to indicate
that calibration has been performed. Setting the status flag
will prevent the interface device from executing the calibrat-
ing routine in the future due to self-imtialization, for example
when the memory module 1s 1ntegrated 1n the final memory
system. Executing the calibration within the final memory
system 15 not possible, since the interface device and/or butfer
chip operates 1n a logically transparent manner and there 1s no
period of time 1n the final memory system to read from the
memory modules and/or write to same without interacting,
with the memory controller 510.

The calibrated subsystem and/or memory module 650 1s
then integrated 1nto the main system and/or the memory sys-
tem 660. The memory controller 510 calibrates its interface to
the interface device 600 at every system startup, wherein the
proprictary interfaces 620, 630 of the memory module have
already been configured and/or calibrated by the information

stored 1n the non-volatile memory, or 1n other words pre-
calibrated.

Alternative embodiments may be implemented to, with
integration 1n a memory system and/or linking to the memory
controller 510, decouple the interface 510 from the interfaces
622, 632, perform the calibration and only then switch to a
transparent operating mode, 1.€., pass on control over the
memory components 622, 632 to the memory controller 510.
This will, for reasons mentioned before, only be possible at a
time when the memory module 1s linked to the memory
controller.

Further alternative embodiments may be implemented to
perform the calibrating algorithm i a self-imtiated way
betore or during linking to a memory controller, once or with
every new linking to a memory controller, with or without
checking the status flag. In particular, renewed calibration
may be practical when a memory module, like for example a
DIMM, 1s removed from a motherboard and plugged again
onto the same or a different motherboard, to take for example
aging effects into consideration.

Generally, embodiments of the interface calibrating unit
may be implemented to execute calibration independently,
1.e., 1n particular without executing a command of the
memory controller. Thus, the enabling event, as discussed
betfore, may exemplarily be first enabling the interface device
alter manufacturing thereol and/or after first connecting the
interface calibrating unit to the circuit unaits.

It 1s pointed out that embodiments of the present invention
are not limited to memory modules and/or memory systems,
but that embodiments of the inventive interface device may be
employed 1n every calibrated subsystem.

Further embodiments of the mvention include a pre-cali-
brated complex and proprietary subsystem which, to the sys-
tem, appears as a well-defined standard system and/or a sys-
tem corresponding to the standard by hiding the proprietary
extensions from same and/or by the fact that they are not
visible for the system and/or transparent.

Embodiments of the present invention may include an
extended subsystem including standard and non-standard
components which are trained and calibrated within the sub-
system. The subsystem has a defined interface to the memory
controller, having the appearance of a standard memory com-
ponent.
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Depending on the circumstances, the embodiments of the
inventive method may be implemented 1n either hardware or
software. The implementation may be on digital storage
medium, 1n particular on a disc, CD or DVD having control
signals which may be read out electronically which can coop-
erate with a programmable computer system such that one of
the embodiments of the inventive methods will be executed.
Generally, the embodiments of the present invention are also
in soitware program products and/or computer program prod-
ucts and/or program products having a program code stored
on a machine-readable carrier for performing one of the
embodiments of the inventive methods when one of the soft-
ware program products runs on a computer or processor. In
other words, an embodiment of the present invention may
thus also be realized as a computer program and/or software
program and/or program having a program code for perform-
ing an embodiment of an inventive method when the program
runs on a processor.

The processor here may be a formed by a computer, a chip
card, a digital signal processor or any other integrated circuat.

While this invention has been described 1n terms of several
embodiments, there are alterations, permutations, and
equivalents which fall within the scope of this invention. It
should also be noted that there are many alternative ways of
implementing the methods and compositions of the present
invention. It is therefore intended that the following appended
claims be interpreted as including all such alterations, permu-
tations, and equivalents as fall within the true spirit and scope
of the present invention.

What 1s claimed 1s:

1. An mterface device allowing data commumnication
between a controller and a plurality of circuit units, the inter-
face device comprising:

a first interface for a connection to the controller;

a second interface for a connection to a first circuit unit;

a third interface for a connection to a second circuit unait;

an mterface calibrating unit coupled to the second and third

intertfaces for generating calibrating parameters for the
second and third interfaces; and

a non-volatile calibrating parameter memory arranged 1n

the interface calibrating unit or coupled to the interface
calibrating umt and adapted to store the calibrating
parameters for the second and third interfaces.

2. The interface device of claim 1, wherein the non-volatile
memory 1s adapted such that the calibrating parameters are no
longer modifiable after storing them once.

3. The interface device of claim 1, further comprising a
non-volatile status flag memory arranged in the interface
calibrating unit or coupled to the interface calibrating unat.

4. The interface device of claim 3, wherein the calibrating
unit comprises an enabling interface.

5. The interface device of claim 1, wherein the controller
comprises a memory controller and the first and second cir-
cuit units comprise first and second memory components.

6. A circuit module for data communication with a control-
ler, the circuit module comprising:

first and second circuit units; and

an interface device comprising;

a first interface for a connection to the controller;

a second interface connected to the first circuit unit;

a third intertace connected to the second circuit unit;

an interface calibrating unit coupled to the second and
third interfaces for generating calibrating parameters
for the second and third interfaces; and
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a non-volatile calibrating parameter memory coupled to
the interface calibrating unit and adapted to store the
calibrating parameters for the second and third inter-
faces.

7. The circuit module of claim 6, wherein the interface
device comprises the calibrating parameter memory.

8. The circuit module of claim 6, further comprising a
non-volatile status flag memory coupled to the interface cali-
brating unait.

9. The circuit module of claim 6, wherein the circuit units
comprise memory chips, the circuit module comprises a
board onto which the mterface device and the memory chips
are applied, and the controller comprises a memory control-
ler.

10. A circuit system comprising:

a circuit controller; and

a circuit module comprising;

first and second circuit units; and

an 1nterface device comprising:

a first interface for a connection to the circuit control-
ler:

a second intertace connected to the first circuit unit;

a third interface connected to the second circuit unit;

an interface calibrating unit coupled to the second and
third interfaces for generating calibrating param-
eters for the second and third interfaces; and

a non-volatile calibrating parameter memory coupled
to the interface calibrating unit and adapted to store
the calibrating parameters for the second and third
interfaces.

11. The circuit system of claim 10, further comprising a
non-volatile status flag memory coupled to the interface cali-
brating unait.

12. A device for data communication between a device for
controlling and a plurality of means for data handling, the
device comprising:

first means for communicating data with the device for

controlling;

second means for communicating data with first means for

data handling;

third means for communicating data with second means for

data handling;

means for performing a calibrating algorithm which gen-

crates calibrating parameters for second and third inter-

faces; and

means for storing the calibrating parameters in a non-

volatile manner, the means for performing a calibrating

algorithm being implemented to store the calibrating
parameters generated by the calibrating algorithm 1n the
means for storing.

13. The device of claim 12, further comprising means for
storing a status flag 1n a non-volatile manner, wherein the unit
for performing the calibrating algorithm 1s implemented to
set the status flag after performing the calibrating algorithm.

14. The device of claim 13, wherein the means for perform-
ing the calibrating algorithm 1s implemented to read the status
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flag before performing the calibrating algorithm and check
whether the status flag 1s set and to perform the calibrating
algorithm 11 the status tlag 1s set.

15. The device of claim 12, wherein the means for perform-
ing the calibrating algorithm i1s implemented to check
whether an enabling event has occurred and to start perform-
ing the calibrating algorithm 1f an enabling event has
occurred.

16. A method of calibrating a circuit module for data com-

munication with a circuit controller, the method comprising;:

providing a circuit module comprising first and second

circuit units and an interface device, the interface device

comprising an interface calibrating unit, a first interface

for a connection to the circuit controller, a second 1nter-

face connected to the first circuit unit and coupled to the

interface calibrating unit, and a third interface connected

to the second circuit unit and coupled to the interface
calibrating unait;

performing a calibrating algorithm 1n the interface calibrat-

ing unit to generate calibrating parameters for the sec-
ond and third interfaces; and

storing the calibrating parameters generated 1n a non-vola-

tile manner.

17. The method of claim 16, further comprising setting a
status flag in a non-volatile manner after performing the cali-
brating algorithm.

18. The method of claim 17, further comprising checking
the status tlag before performing the calibrating algorithm,
the calibrating algorithm being performed if the status flag 1s
not set.

19. The method of claim 16, further comprising checking
whether an enabling event has occurred, the performing the
calibrating algorithm being performed 11 the enabling event
has occurred.

20. The method of claim 16, wherein performing the cali-
brating algorithm takes place before connecting the circuit
system to the controller.

21. A non-transitory computer readable medium storing a
computer program comprising a program code for executing
a method of calibrating a circuit module for data communi-
cation with a circuit controller when the computer program
runs on a computer, the circuit module comprising an inter-
face calibrating unit, a first circuit unit, a second circuit unit
and an mterface device, the interface device comprising a first
interface for a connection to the controller, a second interface
connected to the first circuit unit, and a third interface con-
nected to the second circuit unit, the interface calibrating unit
coupled to the second and third interfaces, the method com-
prising:

performing a calibrating algorithm 1n the interface calibrat-

ing unit to generate calibrating parameters for the sec-
ond and third interfaces; and

storing the calibrating parameters generated 1n a non-vola-

tile manner.
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